Abstract
Introduction
Acute lung disease secondary to non-cardiogenic pulmonary edema has been termed the adult respiratory distress syndrome (ARDS) since first described in 1967 by Ashbaugh et al. (1, 2) . ARDS was later defined at a consensus conference in Berlin (3) . The Berlin definition is based on timing, chest imaging, origin of edema and oxygenation.
Despite the presence of fluid within the alveoli, it has been unclear whether a conservative strategy or liberal strategy improves outcomes. The ARDS Clinical Trials Network demonstrated that a conservative strategy based on pulmonary artery wedge pressures or central venous pressures improved lung function and shortened the duration of mechanical ventilation although there was no mortality benefit (4) . However, whether fluid replacement with colloid or crystalloid in ARDS results in better outcomes remains unknown.
Recently, there have been reports of increased mortality with the use of hydroxylethyl starch (HES) in sepsis (5) . Because sepsis is the most common cause of ARDS (1) this caused us to examine the use of colloids in ARDS. We found that use of colloids was associated with clinically worsening and increases mortality compared to low volumes of crystalloid in ARDS.
Materials and Methods

Subjects
This was an observational study of ARDS patients admitted to the intensive care unit (ICU) of the Norman Bethune College of Medicine, Jilin University Second Hospital, Changchun, China was conducted from November 1, 2011 to November 1, 2012.
ARDS was defined using the Berlin criteria (3).
Study Procedures
Patients were randomly divided into two groups. In one group patients were administered both crystalloid and colloid for the first 3 days of their ICU admission with ARDS. In the other group only crystalloid was used. The use of which colloid and the volume administered was left to the clinical discretion of the attending physician based on the clinical needs of the patient. Other treatment modalities such as the mode of ventilation and nutritional support were also left to the discretion of the patient although the tidal volume was kept < 7ml/kg. Data was collected for the first 3 days of admission to the ICU. Clinical data recorded included sequential organ failure assessment (SOFA) scores, the use and amount of colloid or crystalloid, duration of ICU stay, ventilator days, need for continuous renal replacement therapy (CRRT), lactate and PaO2/FIO2. When patients received both colloid and crystalloid, volume was calculated as the sum of the volume of each. Mortality was the 90 day mortality rate.
Statistics
The data was recorded and compared using SPSS software and reported as mean + standard deviation. Comparisons between groups were performed by Student's t-test. P values of less than 0.05 were considered significant.
Results
Patients. There were 43 patients (20 F, 23 M). The mean age was 62.7 + 18.9 years (range 20 to 85 years). The causes of ARDS was serious lung infection in 16 patients, sepsis in 9 patients, trauma in 2 patients, and pancreatitis in 2 patients. The cause was unknown in 14 patients.
Volume of fluid.
The results with differing volumes of fluid administered in the first 24 hours are shown in Table 1 . Table 1 . Results based on volume of fluid used in the first day.
Mortality was unaffected by the volume of fluid used in the first 24 hours. However, the SOFA score at 24 and 72 hours was increased with volumes >3000 ml administered during the first 24 hours (P<0.05, both comparisons). The lactate level and the frequency of CRRT approached significance when volumes of >3000 ml were administered during the first 24 hours (P=0.05, both comparisons).
The results with volumes of greater or less than 8 liters are shown in table 2. Table 2 . Results based on volume of fluid used in the first 72 hours.
There were no significant effects of administration of greater or less than 8000 ml over 72 hours.
Type of fluid.
Patients who received both crystalloid and colloid received 30 + 5% of the total volume as colloid during the first day of ICU admission. The results of administration of crystalloid compared to crystalloid and colloid during the first 24 hours are shown in Figure 3 . Table 3 . Results based on type of fluid used in the first day of ICU admission.
There was no difference in mortality. The use of crystalloid alone was associated with a lower SOFA score at 72 hours (P<0.05). CRRT was more often needed for those patients given both crystalloid and colloid during the first 24 hours (P=0.05).
The results when albumin was used during the first 24 hours are in Table 4 . Table 4 . Results based on albumin usage during the first day.
There was no significant effect on any of the measured outcomes when albumin was used in the first 24 hours.
The results with the use of plasma during the first 24 hours are shown in Table. 5. Table 5 . Results based on plasma usage during first day.
An increase in mortality approached statistical significance if plasma was used during the first 24 hours (P=0.05). The SOFA score was significantly higher at 72 hours if plasma used during the first day (P=0.01). The remaining outcomes were unchanged.
Results with hydroxylethyl starch (HES) use are shown in Table 6 . Table 6 . Results based on hydroxylethyl starch (HES) usage during the first day.
Mortality was significantly higher if HES was used during the first 24 hours (P<0.05). In addition the SOFA scores were significantly higher at 24 and 72 hours if HES was administered during the first 24 hours (P<0.05, both comparisons). The lactate level was also significantly higher at 24 hours and 72 hours (P<0.05, both comparisons). The need for CRRT and the PaO2/FiO2 ratio approached significance (P=0.05, both comparisons).
Volume of colloid. The use of colloids affected several outcomes. Therefore, the amount of colloid used was examined (Table 7) . Table 7 . Results based on volume of colloid used during first day.
If colloid was used, mortality approached significance based on the volume of colloid used during the first 24 hours (P=0.05). Higher volumes of administered colloid (≥1000ml) were associated with a higher SOFA score at 72 hours (P=0.01). Lactate levels were significantly higher at 24 and 72 hours if colloid was used (P=0.04, both comparisons).PaO2/FiO2 was lower higher volumes of colloid usage (P=0.04).
Plasma, albumin or plasma substitutes during the first 72 hours. Some outcomes were higher with the use of colloids during the first 24 hours. Therefore, usage of plasma or albumin during the first 3 days was examined (Table 8) . Table 8 . Effect of using of plasma or albumin during the first 3 days.
There was no significant effect on any of the outcomes with the use of plasma or albumin during the first 72 hours.
The effects of plasma substitutes during the first 72 hours are shown in Table 9 . Table 9 . Results of using plasma substitutes during the first 3 days.
Higher mortality was associated with the use of plasma substitutes during the first 3 days (P=0.02). SOFA scores at 24 and 72 hours were also increased with plasma substitute usage (P=0.03 and P=0.002 respectively). Higher Lactate levels were also observed at 24 hours and 72 hours (P<0.01, both comparisons).
Discussion
In the hospital setting there are two types of fluid physicians administer to patients-colloid or crystalloid. Crystalloid is easily accessible and can be stored at room temperature. The main purpose of this study was to compare the two different fluids and the volume fluid used. We found that use of certain colloids, particularly higher volumes, was associated with increased mortality and poorer SOFA scores.
There was increased mortality with HES and plasma substitutes and plasma approached statistical significance. This is consistent with studies done in sepsis where HES has been associated with increased mortality (5). In contrast, there was no increase in mortality with albumin or adverse clinical outcomes, suggesting it was safe to use. The mechanism accounting for the adverse effects of colloids in ARDS and sepsis is unknown. However, the pharmokinetics of HES is known to be different from albumin and may play a role in the mortality rates (6).
We found that administration of smaller volumes of fluid was associated with improved outcomes. This confirms previous studies done in ARDS demonstrating that a conservative strategy improves outcomes. Like the ARDS Network larger, multi-center study out smaller study was unable to find a reduction in mortality with lower volumes of fluid used. From our studies it is unclear whether volume or the type of fluid is most important in determining survival. The data would seem to suggest that both are important. We also did not correct for differences in the equivalency of colloid compared to crystalloid solutions. Some authorities suggest that the volume expansive of colloid exceed crystalloid on absolute volume basis (7). However, corrections would likely accentuate the differences in mortality seen with volume.
It had been proposed that colloid infusion might be protective of the lungs by retaining fluid in the vascular space by oncotic pressure. However, recent studies have suggested show that colloids do not lower lung water (8) . Furthermore, a recent meta-analysis found no evidence trials that resuscitation with colloids reduces the risk of death, compared to resuscitation with crystalloids, in patients with trauma, burns or following surgery (9) . Furthermore, the use of hydroxyethyl starch might increase mortality. Our study is consistent with these studies.
Our trial has certain limitations. First, our study was single center. Second, the design did not include hemodynamic monitoring or other therapies. How these confounding variables might have affected the results is unknown. Third, only 43 patients were included in the trial. The trial was underpowered and confirmation of the results will be needed by larger trials.
This study demonstrates that the initial volume of fluid administered has effects on outcomes in patients with ARDS. The data in this manuscript support a dry or conservative strategy for management of ARDS. Furthermore, the choice of fluid also affects outcomes. The data in this paper would recommend the maintenance of relatively stable blood pressure with low volumes of crystalloid. As colloids are not associated with an improvement in survival, are less readily
